Abstract We sought to compare two graft-versus-host disease (GVHD) prophylaxis regimen, cyclosporine and methotrexate (CsA?MTX) with CsA?mycophenolate mofetil (MMF) in 77 acute leukemia patients who underwent hematopoietic stem cell transplant (HSCT) between January 2008 and March 2013. Fifty-three patients received CsA?MTX while 24 received CsA?MMF. The incidence of grade 3-4 mucositis and grade 3-4 diarrhea was 74 and 6 % with CsA?MTX compared to 33 % and 21 % with CsA?MMF (P = 0.001 and 0.09 respectively). Forty-two (79 %) patients in CsA?MTX group required total parenteral nutrition compared to 14 (58 %) in CsA?MMF group (P = 0.09). The incidence of engraftment fever was 17 % with CsA?MTX and 41 % with CsA?MMF (P = 0.02). The median time to neutrophil and platelet engraftment was 14 days and 13 days with CsA?MTX compared to 12 days and 10 days with CsA?MMF (P = 0.003 and 0.08 respectively). The incidence of any grade and grade II-IV acute GVHD was 45 and 13 % with CsA?MTX compared to 42 and 29 % with CsA?MMF (P = NS). Incidence of overall and extensive chronic GVHD was 57 and 38 % with CsA?MTX compared to 42 and 17 % with CsA?MMF (P = NS). Incidence of relapse was 38 % with CsA?MTX compared to 33 % with CsA?MMF (P = NS). TRM was 6 % with CsA?MTX and 21 % with CsA?MMF (P = NS). At 2 years, overall survival (OS) was 64 % in CsA?MTX group compared to 46 % in CsA?MMF group (P = NS). We conclude that CsA?MMF is associated with lesser toxicity, faster myeloid engraftment and similar rates of acute and chronic GVHD, TRM, relapse and OS compared to CsA?MTX in acute leukemia transplant.
Introduction
Allogeneic hematopoietic stem cell transplantation (HSCT) remains an important and potentially curative treatment modality for patients with acute leukemia [1] . This favorable effect of HSCT in leukemia on long term survival is offset to an extent by transplant related mortality (TRM). Acute graft versus host disease (GVHD) is one of the commonest causes of increased morbidity and mortality in the post transplant period [2] . Strategies employed as GVHD prophylaxis include immunosuppressive agents and T cell depletion. Calcineurin inhibitor cyclosporine (CsA) has been one of the most widely used immunosuppressive drug in GVHD prophylaxis over last 4 decades [3] . CsA combined with another immunosuppressive agent i.e. methotrexate (MTX) further decreased the incidence of severe acute GVHD and led to improved survival [4] . Over last 2 decades, another calcineurin inhibitor tacrolimus (TAC) has been compared with CsA, either alone or in combination with MTX [5] [6] [7] . Besides small differences in the incidence of acute GVHD, no combination drug prophylaxis has been proven to be superior to CsA and MTX in terms of overall survival (OS).
Mycophenolate mofetil (MMF), a pro-drug of mycophenolic acid, inhibit T cell activation and proliferation and has been used in combination with CsA for GVHD prophylaxis [8] [9] [10] . Compared to MTX, MMF has been shown to be less toxic when used in combination with CsA for GVHD prophylaxis [8] . However, these studies included a heterogeneous group of patients who underwent HSCT for a variety of hematological malignancies. None of the studies have compared MMF and calcineurin inhibitor based GVHD prophylaxis with MTX and calcineurin inhibitor based GVHD prophylaxis exclusively in acute leukemia patients. Also, non-significant differences in the incidence of acute GVHD, relapse and OS seen between these 2 GVHD prophylaxis regimens require further confirmation in acute leukemia setting. In this study, we sought to compare CsA and MTX with CsA and MMF based GVHD prophylaxis in acute leukemia patients undergoing HSCT for differences in toxicity and various transplant related outcomes, including incidence and severity of acute and chronic GVHD, incidence of leukemia relapse, engraftment kinetics, TRM, relapse free survival (RFS) and OS.
Materials and Methods

Patients
All consecutive patients with acute leukemia who underwent HSCT between January 2008 and March 2013 were included in this retrospective study. Written informed consent was obtained from all patients who received CsA?MTX as per the institutional practice. CsA?MMF was used in patients who consented to participate in an ongoing MMF pharmacokinetic study [11] . The study has been approved by Institutional Ethics Committee and it conforms to the provisions of the Declaration of Helsinki. At the time of HSCT, patients were either in first complete remission (CR-1) or second complete remission (CR-2) or in relapsed/refractory (RR) state. Poor risk acute myeloid leukemia (AML) was characterized by at least one of the following: unfavorable cytogenetics [complex karyotype, monosomal karyotype, del 5, del 7, 5q-, 7q-, inv(3), t(3;3), t(6;9), 11q23 translocations], TLC [ 100 9 10 9 /L at baseline, not achieving CR after induction, disease stage CCR-2 or persistent disease at transplant. High risk acute lymphoblastic leukemia (ALL) was defined by at least one of the following characteristics-poor risk cytogenetics [t(9;22), t(1;19), t(4;11), hypodiploidy, complex karyotype], total leucocyte count (TLC) [ 100 9 10 9 /L at baseline, not achieving CR after induction, disease stage CCR-2 or persistent disease at transplant. Patients underwent either matched related donor (MRD) transplant or matched unrelated donor (MUD) transplant or haploidentical donor (HID) transplant depending on donor availability and human leucocyte antigen (HLA) matching. Low resolution HLA typing for HLA antigen loci A, B and DRB1 was done for all patients and siblings (if available) using polymerase chain reaction (PCR) with sequence specific primers (SSP). All cases with antigen mismatch at one locus were further tested for antigen match at HLA-C and HLA-DQB1. Patients with no sibling donor available and those with more than one antigen mismatch sibling donor underwent unrelated donor search. High resolution HLA typing for HLA-A, HLA-B, HLA-C, HLA-DRB1 and HLA-DQB1 was used to find out the most adequately MUD. Patients with no MRD or MUD available underwent HID transplant. Stem cell graft used was either T-cell replete granulocyte-colony stimulating factor (G-CSF) mobilized peripheral blood stem cells (PBSCs) or bone marrow harvest or cord blood derived stem cells. Ex vivo T-cell depletion was not done in any transplant.
Conditioning Regimen
Conditioning regimen used in patients who were in CR-1 or CR-2 was either full intensity (FI) i.e., total body irradiation with cyclophosphamide (TBI-Cy) or busulfan with cyclophosphamide (BuCy); or reduced intensity (RI) i.e., fludarabine based. TBI dose in FI conditioning regimen was 12-14.4 Gy given in 8 fractions over 4 days from day-7 to day-4 while cyclophosphamide dose was 60 mg/kg intravenously (iv) over 2 h on day-3 and day-2. Busulfan was given orally as 1 mg/(kg dose) every 6 houly for 4 days from day-8 to day-5 with cyclophosphamide at 60 mg/kg iv over 2 h on day -3 and day-2. In RI conditioning, fludarabine was used iv at a dose of 30 mg/m 2 /day over 30 min from day-7 to day-3 in combination with one of the alkylating agents (melphalan-140 mg/m 2 
GVHD Prophylaxis
CsA?MTX was used in 53 (69 %) patients and CsA?MMF in 24 (31 %) patients. CsA was started on day-1 of transplant at 1.5 mg/kg/twice daily iv as 2 h infusion. Trough CsA blood level was measured twice a week starting from day ?3 to day ?5 of transplant by chemiluminiscence assay (Architect analyser, Abbott Healthcare-detection limit 25 ng/ml). CsA level monitoring was stopped at the start of CsA tapering. Every subsequent CsA dose was modified to achieve therapeutic level of 150-200 ng/ml if levels were out of range. In most cases, CsA was tapered from day ?90 and stopped by day ?180. In patients with high risk of relapse, CsA was tapered from day ?60 and stopped by day ?120. CsA was discontinued in patients who developed significant CsA related nephrotoxicity or neurotoxicity and was subsequently replaced by MMF. Intravenous CsA was replaced by oral CsA upon resolution of mucositis and diarrhea. MTX was given iv at 15 mg/m 2 on day ?1 and 10 mg/m 2 on day ?3, ?6, ?11. All doses of MTX were followed 24 h later with leucovorin rescue. MTX doses were omitted if patient developed grade IV oral mucositis. MMF was used in place of MTX in patients who participated in an ongoing MMF pharmacokinetic study [11] . MMF was started on day-1 of transplant and continued till day ?30 at a dose of 600 mg/(m 2 twice) daily administered orally. It was continued beyond day ?30 in patients who developed acute GVHD. Patients who underwent HID transplant received post transplant cyclophosphamide (50 mg/kg on day ?3 and ?4) in addition to CsA?MMF (started on day ?5). In HID transplants MMF was used at a higher dose (15 mg/kg thrice daily) from day ?5 till day ?35 while CsA was used at same dose. Patients who underwent one antigen mismatched sibling donor transplant or MUD transplant also received rabbit anti-thymocyte globulin (Thymoglobulin) at a dose of 2.5 mg/(kg dose) on day-2 (1 dose) or day-2 and day-1 (2 doses). All patients received azole anti-fungal prophylaxis which was continued till day ?100 of transplant or longer if patient was on steroids for treatment of GVHD.
Definitions
Acute GVHD was defined as GVHD developing in first 100 days of transplant. Diagnosis and grading of aGVHD was done according to standard criteria [12] and treatment was initiated with methylprednisolone 1-2 mg/kg/day given intra-venously, followed by tapering upon clinical improvement. Histological confirmation was done only in patients with suspected upper gut and skin GVHD wherever possible. Diagnosis of lower gut GVHD was made clinically.
Chronic GVHD was defined as GVHD developing after 100 days of transplant and was classified as limited or extensive stage according to standard criteria [13] . Treatment of cGVHD was initiated with local steroids with or without addition of systemic steroids depending on the site of cGVHD and response to local steroids.
Engraftment: Time to myeloid engraftment was defined as first of 3 consecutive days with an absolute neutrophil count of C0.5 9 10 9 /L [17] . Time to platelet engraftment was defined as first of 7 consecutive days when the platelet count is maintained C 20 9 10 9 /L without platelet transfusion. Failure to engraft by day ?30 was considered primary engraftment failure.
Engraftment fever was defined as fever (C38.5°C) occurring in the peri-engraftment period for which no infectious cause was ascertained and resolution of fever with use of systemic steroids.
Severity of oral mucositis and diarrhea was graded as per Common Terminology Criteria for Adverse Events (CTCAE)-Version 3.0.
TRM was defined as death occurring in the post-transplant period not related to relapse of leukemia.
RFS was defined as the time interval between date of transplant and date of relapse or death or last follow-up if in CR.
OS was defined as the time interval between date of transplant and date of death or last follow-up.
Statistical Considerations
For analysis, patients were divided into two groups depending on the GVHD prophylaxis regimen usedGroup A (CsA?MTX) and Group B (CsA?MMF). Primary objective was to determine and compare the toxicity profile of two GVHD prophylaxis regimens. Secondary objectives were to determine and compare the following transplant outcomes between the two groups: incidence and severity of acute GVHD, incidence and severity of chronic GVHD, engraftment kinetics, TRM, incidence of relapse, RFS and OS. Comparisons were done between two groups for discrete variables using v 2 test while continuous variables were compared by Mann-Whitney test. Survival analysis was done by Kaplan-Meier method and compared using Log-Rank test.
Results
Patient and Transplant Characteristics
Seventy-seven patients (52 males and 25 females) with acute leukemia who underwent HSCT during the study period were included. The diagnosis was AML in 52 (68 %) patients, ALL in 23 (30 %) patients and biphenotypic acute leukemia in 2 (2 %) patients. The median age was 30 years (range 6-51). Forty two (54 %) patients were in CR1, 20 (26 %) in CR2 and 15 (20 %) in RR state at the time of HSCT. Poor risk disease was present in 22 (42 %) patients with AML. High risk disease was present in 17 (74 %) patients with ALL. Sixty five (84 %) patients underwent MRD transplant, 10 (13 %) underwent MUD transplant and 2 (3 %) underwent HID transplant. Hematopoietic stem cell graft was PBSCs in 70 (91 %) transplants, bone marrow harvest in 5 (7 %) and cord blood in 2 (2 %) transplants. Forty (52 %) patients underwent gender mismatched transplants which included female donor to male recipient in 23 (30 %) cases. FI conditioning regimen was used in 42 (55 %) transplants and RI conditioning regimen was used in 35 (45 %) transplants (Table 1) .
Fifty-three (69 %) patients received CsA?MTX (Group A) while 24 (31 %) patients received CsA?MMF (Group B) as GVHD prophylaxis. Thymoglobulin was used in 12 (16 %) transplants (MUD transplants and one antigen mismatched sibling donor transplants) while post-transplant cyclophosphamide was used in two HID transplants. There were no significant differences between the two groups with respect to age, gender, diagnosis, ABO and gender mismatch, intensity of conditioning regimen used and median dose of CD34 ? /CD3 ? cells infused (Table 2) . Thirty-seven (70 %) patients in Group A were in CR-1 compared to 5 (21 %) in group B (P \ 0.01), while 5 (10 %) patients in group A had RR disease compared to 10 (42 %) in group B (P \ 0.01). Forty-nine (92 %) patients in group A underwent MRD transplant compared to 16 (67 %) in group B (P \ 0.01). Four (8 %) patients in group A underwent MUD transplant compared to 6 (24 %) in group B (P \ 0.01).
Comparison of Toxicity Between Two Groups
The incidence of grade 3-4 mucositis and grade 3-4 diarrhea was 74 and 6 % in group A compared to 33 and 21 % in group B (P = 0.001 and 0.09 respectively). Forty-two (79 %) patients in group A required total parenteral nutrition (TPN) compared to 14 (58 %) in group B (P = 0.09). Median duration of TPN was 11 days in group A compared to 8.5 days in group B. The incidence of engraftment fever was 17 % in group A and 41 % in group B (P = 0.02). The incidences of nephrotoxicity, neurotoxicity and hypertension were similar in both groups (Table 3) .
Comparison of Transplant Related Outcomes Between Two Groups
The median time to neutrophil and platelet engraftment was 14 days and 13 days in group A compared to 12 days and 10 days in group B (P = 0.003 and 0.08 respectively). Thirty four (44 %) patients developed acute GVHD and median time to onset was 30 days. Fourteen (18 %) patients developed grade II-IV acute GVHD while 20 and 29 % in group B (P = NS). Incidence of overall and extensive chronic GVHD was 57 and 38 % in group A compared to 42 and 17 % in group B (P = NS). Incidence of relapse was 38 % in group A compared to 33 % in group B (P = NS). At 2 years of median follow up, 32 (41 %) 
Discussion
Multiple efforts have been made in last two decades to effectively suppress severe acute GVHD and at the same time exploit the anti-leukemic potential of graft versus leukemia (GVL) effect in HSCT for acute leukemia. These include use of immunosuppressive drugs singly and in combination [14, 15] , tailoring the dose of CsA depending on blood levels [16, 17] and evaluation of newer immunosuppressive agents in comparison with standard agents [5] [6] [7] [8] [9] [10] . CsA combined with either MTX or MMF is the most widely used immunosuppressive drug [5, 6, 8] . Recently, the European Group for Blood and Marrow Transplantation (EBMT) and European Leukemia Net have proposed recommendations for GVHD prophylaxis in allogeneic HSCT [18] . They recommend CsA?MTX as GVHD prophylaxis for patients receiving myeloablative conditioning and CsA?MMF for patients receiving reduced intensity conditioning. However, these recommendations are based on expert consensus and a Delphilike approach as no combination GVHD prophylaxis regimen has been shown conclusively to be superior to other. One prospective study [8] and two retrospective studies [9, 10] have compared CsA?MTX with CsA?MMF for regimen related toxicity and survival outcomes. These studies have reported decreased mucostitis and faster engraftment with MMF containing GVHD prophylaxis regimen compared to MTX containing regimen with no impact on incidence of acute and chronic GVHD and survival. However, the drawback of these studies was that they included heterogeneous group of patients with respect to diagnoses. Another limitation of these studies was that the study arms were not matched with respect to known risk factors for development of acute GVHD. Also, the study arms were not well balanced for factors prognosticating for TRM, relapse and survival. Thus, there is evidence which suggests that CsA?MMF might be superior to CsA?MTX in terms of decreased toxicity but it still remains to be determined which regimen is superior in terms of engraftment kinetics, prevention of severe forms of acute GVHD and OS. This becomes even more important in acute leukemia setting given the fact that exploitation of GVL effect is of utmost importance in post transplant period. We have tried to address few of these issues within the limitations of a retrospective study. Mucositis developing in the immediate post transplant period is associated with increased incidence of infection, increased TPN requirement and longer hospital stay [19, 20] . Conditioning regimen related mucosal injury, TBI induced mucosal damage and short course MTX used in GVHD prophylaxis all contribute to the development of mucositis. MTX plays a significant role in the development of severe mucositis, so much so that omission of fourth dose of MTX given on day ?11 has been tried. However, omission of fourth dose of MTX has resulted in variable outcomes with one study reporting no impact on long term sequelae [21] while another reporting increased incidence of severe acute GVHD [22] . In our study the incidence of grade 3-4 oral mucositis was significantly less in patients who received CsA?MMF (33 %) compared to those who received CsA?MTX (74 %). This finding is in concordance with other similar studies comparing these regimens (Table 4 ). There was no significant difference with respect to incidence of diarrhea between two groups. More number of patients in CsA?MTX group (79 %) required TPN compared to CsA?MMF group (58 %) (P = 0.09). The incidence of CsA related toxicity including nephrotoxicity, neurotoxicity and hypertension was similar between the two groups.
Use of CsA in GVHD prophylaxis has been associated with increased incidence of engraftment fever compared to TAC based GVHD prophylaxis regimen [23] . In our study we found increased incidence of engraftment fever when CsA was combined with MMF (42 %) compared to when it was combined with MTX (17 %). The reason behind this finding largely remains unexplained, however it can be postulated at this point that CsA?MMF produced less intense immunosuppression compared to CsA?MTX or MMF had inherent pro-engraftment characteristics which resulted in increased incidence of engraftment fever. Kinetics of both myeloid and platelet engraftment have been shown to be influenced by GVHD prophylaxis regimen. Two studies reported significantly shorter median time to myeloid engraftment in patients who received CsA?MMF compared to those who received CsA?MTX [8, 9] . Another study reported no difference in median time to myeloid engraftment between two groups [10] . Compared to these studies, we found significantly shorter time to myeloid engraftment in CsA?MMF group (12 days) compared to CsA?MTX group (14 days) ( Table 4 ). This is explained by myelosuppressive effect of MTX which has been shown to be associated with delayed engraftment [15, 24] . Median time to platelet engraftment was less in CsA?MMF group (10 days) compared to CsA?MTX group (13 days), however this was not statistically significant. This compares well with two similar studies, one of which [8] reported significantly shorter duration of platelet engraftment with CsA?MMF compared to CsA?MTX while other [10] reported no difference in median time to platelet engraftment between the two regimens (Table 4) .
We found no difference in the incidences and severity of both acute and chronic GVHD between patients who received CsA?MTX and CsA?MMF. This is in concordance with the findings reported in other similar studies (Table 4) . This further reiterates the fact that both the regimens are equally efficacious in preventing all grades of acute and chronic GVHD. However, two patients in CsA?MMF group who underwent haplo-identical transplant received post transplant cyclophosphamide which might have influenced acute GVHD in these two patients. There was no significant difference in the incidence of relapse, slippage of chimerism and TRM between the two groups.
Limitations of this retrospective study were higher proportion of patients with relapsed refractory disease and a higher proportion of MUD/HID transplants in CsA?MMF group. We believe that this limitation might have influenced survival outcome seen in this study, even though difference in survival between two groups was not statistically significant. We conclude that CsA combined with either MTX or MMF remains an effective GVHD prophylaxis regimen in acute leukemia patients undergoing HSCT. Use of MTX is associated with higher incidence of grade 3-4 mucositis and increased TPN requirement. Use of MMF is associated with higher incidence of engraftment fever and shorter time to myeloid engraftment compared to MTX. Both regimens were equally effective in preventing acute and chronic GVHD. There was no impact of GVHD prophylaxis regimen on the incidence of leukemia relapse, TRM and OS. 
